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A3ST.U.CT

The preparation of ncn-solvated aluminwi: hydride is described. The prop=-
erties of the compound are described and results of X-ray diffraction studies
are given,
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A, Introduction

The classical mcthod (or preparin: aluminum hydride is hased on the re-
action betwsen cther scivtiong of ~Tumirum chloride #nd lithium aliminum hy-
dride (1) '

AlClB + 3 LiAth - | A1H3 + 3 LiCi

This results in an ether solution of aluminum hydride which, within a short
time, comes out of solution as a curdy, white solid which is presumed to he
polymeric. The solid gives up some of the co-crdinated ether when treated
under vacuum, yielding a material of the composition:

3 A1H3 -Etao.

Further vacuum treatment and heating decompose the material rother than remov-
ing the remaining ether; pure, non-solvated aluminum hydride must be prepared
by some other method. Stecher and Witerg {2) prepared non-solvated aluminum
hydride by treating aluminum alkyls in a hydrogen plow discharge. The product
was not pure in that 211 possible aluminum alkyl hyirides were present and
separation was carried out by preparing coordinatiosn compounds with mmines.
Also, the method was not practical for preparing useful quantities of pure alum-
inum hydride.

Several possible structures of aluminum hydride have been proposed. Each
of these neglects the co-ordinated ether, however, which is present in the poly-
meric form. Wiberg (2) first proposed a linear structure in which the aluminum
atoms are connected by sinsle hydrogzen bridges:

~A1Hp~H=A1Hp=H~AlHy~

A later prcposal by Wiherg (3) was essentially a simplificé version of one prc-
posed earlier by Lonquet-Higgins (I} in which hexasons of aluminum atoms lie
in a plane, with two bridge hydrogens between alumimum atoms lying above and
below the plane of the hexagonse

The present investiration was corried out as a portion of a more general
study of aluminum hydride. The specific purpose of this study was to prepare
non=golvated aluminum hydride and to attempt to determine its structuree.
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B. Experimental and fesults

Two basic ideas were used dn aticwe (ing to oreparce non-ctherated alum-
inum hydride; first, verisus solvents othor then “icthyl othior were used in
preparing the aluminum hydride aad seeond, ~lumirvam hydride solutions in di-
ethyl ether were run in to various solvents mna the solvent mixtures removed
by vacuum.

Both diisopropyl ether and dimethyl sulfide were iLried o solverts in
liecu of diethyl ether. In each case rcacticn was incomplcte and in the case
of dimethyl sulfidc a mixture of products was sbiained indicatins that unde-
sirable side reactions wcre occurring, These results save no indication of
success and this type of athack was abandened,

A great deal of time and effort were devoted to studying the possibility
of ridding aluminum hydride of etner by treatment with cther inert solvents.
At first, the study consisted of adding ether s:sluticns cf aluminum hydride to
various solvents and removing the mixed solvents in vacuo in order to sin-le
out the most promisine "ether remover”., Tatle 1 Tists the results obtained
with various solvents under similar conditions

Takle 1

Precipitating Volume Solvent Remarks H % Al

Solvent Per Gram A1013
Benzene 19 mi. Evacuated for a few 1.76 14,70

hours at rcom terp.

Dioxane 19 ml, L 1.89 20,42
Pentane 19 ml. " 5.15 L8.67
Tetrahydrofuran

(no ppt.) 20 ml. " 1.57 15,7
Carbon disulfide 20 ml. " Explodcd

Theoretical 10.0 2,0

The results of these early experiments showed that pentone was the
most promising of all the solvents tried., Accordingly, varyins conditions
were tried until it was found possible to cbtain non-etherated a2luminum hy-
dride. It was found thet the volume of inert solvent used was critical, At
least, 100 ml,. of pentane per gram of AlCl3 (used in makine the AlHj) wasg
necessarye

A typical preparution.is as fellows:

The apparatus used in the preparation of the non-solvated hydride is shown in
Figure Y. The reactinn flask B was taken into a drybox and the desired amount
of aluminum chloride weirhed out carefully on a triple beam balance. The flask
was tishtly stoppered and then connected to the apparatus. A quantity of ether,
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sufficient to pruvide apoyr ximately 10 mle of ether per gram of AlCl,, was
added slowly throush the top cf ti1e condenser A. A drying tube was added to
the top of the cor ‘enser oni thie s-lutiorn stirred until all of the AlCl4 had
dissolved, A steichiometric amunt oF LL'_.J.Hh sslution wes added and r
briefly stirrinc the LiCl w2 allcied to seitle. Nitrocen pressure was applied
at the top of the ccndenser to lorce the I\lH3 golution through the fritted
class filter C into flask D containing pentane. The solution was run down a
vire in a thin film into the pentane which wcs stirred by a marmetic stirrer.
The AlH, precipitated immediately on contact with the pentane. After addition
of the ilﬂ, solution the reacticn flask and filter were removed from the sys-
tem. The solvent mixture was removed by vacuum and collected in the cold

trap E. It was usually necessary to maintain the AlHy under vacuum for at
least 12 hours at room temperature in order o remove all the ether., Ether
removal was facilitated by heatins the flask to 50°C. and by repeatedly arinde
ing the product with the marnetic stirrer. When the pressure in \the system
became less than 2 p, the system was filled with nitrogen, flask D removed and
stoppernd = and the flask reroved to.a nitrogen drybox where' it could be
handled safely. Freshly prepared samples wure white, fluffy, pyrophoric powders
with a low bulk density. The samples were fairly stable at room temperature.
Stability seemed to be rclated to purity; the container with the most pure
sample developed negligible hydrogen pressure over 2 period of weeks while
some samples containine chloride turned jet black in 2 few days.

Analysis of the products was carried out using standard procedures.
Hydrogen was determined by evelution with water and elumimum by the 8ehydro-
xyquinoline method. A test for chloride was made using silver nitrate; if
more than a trace of chloride was present, it was determined by the Volhard
method using eosin as an indicatoz, All samples pave a positive flame test
for lithium Sut lithium was present in too small amounts to be determined by
wet methods, ’

.
e
ek e 1 i B i 0 ;:j :

AR i e

o S

i o sk

W A



e

Densities of alumimuim hydride samnles were determined in a helium densi-
tometer similar to one described by Schumh (%), The density as a function of
ether content 1s shown in ¥iurc 2. The density of the pure hydridc was de=
termined to be 1.718 o/ml; hbut this valuc wes suhject to scme error due to the
small weight of sample used in the measuromente

X-ray powder patterns werc made of many semples using Cu-Ka radiation in
a General Electric XRD-4 apparatus. Mo patterns were obiained unless the same
ples were essentially non-etherated. Ta Tarlc 2 are listed d .spacings obtained
from several samples,
Takle 2,

d=-Spacings For Aluminvm Hydride Samples

Sample No.1l13 Sample ¥o,1i5 Sample A-l6
Su% Hydride > 957 Hydride 874 Hydride

503’4 503-‘4 hohe
Le57 Le57 .30
L35 Le33 haily
3467 375 332
3.50 3.6 3.23
3.22 3.23 2.87
3,04 3.06 2416
2,88 2.88 2.3
2.69 2,76 242i
2"-‘0 2.1‘7 2015
2.31 232 2.10
24,26 2428 2405
2,08 2,08 1.98
1.99 1.99 1.92
1,76 1.76 1.78
1.71 1.71 1.7k
1.66 1.61 1,68
1.53 1,57 1.62
1alils 1.53 1,52
134 1.4 1.13
~1l.23 1.25
1,15

Ce Discussion

It is worthwhile to speculate on the mechanism of polymerization of alum-
inum hydride. Zeil (A) determined force constants for Al-H bonds and A1-O bonds
in the co-ordination compopnds of aluminum hydride with tetrahydrofuran. For
the AL-H bond k = 1.8 x 10° dynes/cm. and for the Al-D bond k = L0 x 105
dynes/cm. The fact that the 41-O bond is ahout twice as strong as the Al-H bonds
makes it clear why the aluminum hydride etherate decomposes, giving off hydrogen,
while still retaining ethere It also indicates that the freshly prepared alum-
inum hydride is not co~ordinated to ether since running it into an inert solvent
would not bresk up the co-ordination compcund. It seems likely that the "poly-
merization" which is observed in aluminum hydride sclutions is connected with,
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or may actually be, the formaticn of the etterrte. Of course, this does not
indicate the nature of the diss:lve! s.eciee nther than it is not co-ordinated
to the ether, -

. The action of the inert sclvent or pruocipitating apent mercly seems to
precipitate the aluminum hycdride befure it co-ordinates with the ether. Once
the hydride had been precipitated it remrined non-etherated if it was precip-
itated as a non. stherate. In nne experiment, 5 s:mple of the nonesolvated
hydride was treated with ether. After scversl hours the ether was removed by
heating to 50°C. in vacuum. Upon re-an~lysis there was found to be no essential
change in the material from the time that the nonw-solvated materiel was first
made, This shows that once the aluminum hydride is noq-sol.nud it will not
co=ordinate with ether: \

Although pentane was used most frequently as the precipitatinz agent,
other agents were found to be suitable. Hexane and bensene were tried suc-
cessfully although benzene took longer to remove after precipitation due to.
its higher boiling point. Presumably other liquids, which would not react with
or act as a solvent for alumimum hydride, would also bo suitable.
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